Corrective spinal surgery in childreE usually involves repeated and extensive operations. Endotracheal intubation mav be difficult. Pulmonary function in these J)atients is often poor and pulmonary reserve minimal. Respiratory failure in the post-operative period is not uncommon and oxygen therapy, som.etimes with intermittent positive pressure, is essential. Rapid and massive blood loss requires frequent and careful assessment and rapid replacement. Careful monitoring and active therapeutic measures are essential to prevent post-operative complications.
I :-':TlWlll'CTIO:-': Children who present for corrective surgery of the spine usuall\' suffer from one of the following disea.ses :
(1) Tuberculosis of the spine resulting in various degrees of kyphosis. (:2) Poliomyelitis resulting in various degrees of scoliosis. (3) Congenital abnormalities of the spine and scoliosis of idiopathic origin. In some severe cases, if the disease is not checked by corrective surgery the patient will progress to respirator~' failure, or in the case of tuberculous kyphosis spinal cord compression. Because of the distorted anatomy, poor respiratory reserve, and repeated and extensive surger\', the'ie patients present a number of anaesthetic problems. A.ddress for reprints: C/-Department of .'l.n,H'sthetics, Quet'n :\lary Hospital, Hong Kong.
THE SCRGEHY
The majority of these patients are placed in a halo-pelvic traction apparatus for a week or more before spinal surgery is performed ( Figure 1 ). The surgery that follows might include spinal osteotomies (a release operation), anterior and posterior fusions, mechanical instrumentations such as Dwver screw and cahle operations, and application of Harrington rods. A tuberculous kyphotic patient usually has to undergo general anaesthesia for six operations:
(1) The application of halo-pelvic traction apparatus. A scoliotic patient might have to undergo repeated osteotomies and fusions in different stages, with or without mechanical instrumentations, and some patients with posterior fusions done need to be explored to confirm the success of such fusions. ::\luch experience has been gained in the past ye'lrs so that surgery now takes less time and fewer complications are anticipated.
AXAESTHETIC TECHXIQUE E~IPLOYEIJ
Children under :2;3 kg are usually given an oral premedication consisting of trimeprazine ~-:) mgjkg and bigger children are given pethidine -atropine premedication intramuscularly.
Psychological preparation does not seem to be a problem, as these patients are given ample opportunity to mix well with other children with similar illness before operation. They all realize the outcome of such operations, and most of them look fcrward to it.
.-1 J1aesthesia aJl (I I J1teJ1sive Care, T'ol. I, No. 1, Jlay, 1073 Suxamethonium is routinely employed for endotracheal intubation. Lignt general anaesthesia, using nitrous oxide and oxygen, together with relaxant and intermittent positive pressure ventilation, is found most satisfactory. Rapid regain of consciousness and muscle tone is essential as most patients are put in a rigid steel frame before the conclusion of surgery. This makes extension of the neck impossible and the management of upper airways obstruction difficult. Blood loss is assessed by swab-weighing and suction-bottle measurement together with clinical observation. Central venous pressure monitoring is employed as a guide for fluid replacement.
Endotracheal anaesthesia is usually preferred for the application of halo-pelvic apparatus as the patient's head often has to be manipulated during operation. An alternative method is to employ ketamine anaesthesia, in which case no artificial airway is required. It has been found acceptable to these children, and so far no untoward psychological disturbances have been recorded.
THE PROBLEMS

Intubation
Intubation can be difficult in some cases, especially if one wants to intubate the child with the halo-pelvic apparatus in situ. The latter procedure not only saves time but also produces least disturbance to an already weakened spine. The difficulty is partly due to the deformity of the thoracic spine, so that the anterior chest wall is actually touching the patient's chin. Much of this difficulty can be overcome by using a pliable stylet, the Oxford Introducer, and good muscular relaxation. With this stylet one can often intubate the patient without actually visualizing the vocal cords.
Pulmonary Function
All patients receive routine chest X-ray and pulmonary function tests before surgery. A large number of these patients suffer from moderate to severe degrees of restrictive lung disease with or ",ithout obstruction. Often there is little functional lung ti"sue ( Figure 2 ) and many of these children have forced vital capacities of less than 30 per cent of their predicted normal value. They have little or no respiratory reserve. Some cases also show a reduction of their carbon monoxide diffusion capacity. It is probable that this is due to small lung volumes and abnormal ventilation! perfusion ratios. These abnormalities may be exaggerated during and after general anaesthesia. Blood gas monitoring is essential in the postoperative period so that appropriate treatment can be instituted early. In really severe cases prophylactic tracheostomy is sometimes done to reduce anatomical dead space and to improve alveolar ventilation and also to facilitate Physiotherapy in the pre-operative period does not usually improve pulmonary performance, as shovvn by repeated pulmonary function tests, but does render the patient much more co-operative in the postoperative period when physiotherapy is an essential part of their management.
Blood Loss
Because of the extensiveness of the operation (sometimes practically the whole thoracic and lumbar spine is involved in one single operation) and the duration of operation (as long as five hours), blood loss and replacement may be a problem. Table 1 shows the blood loss and duration of operation in 50 patients, selected at random, who underwent variolls kinds of spinal surgen'. factory haemostasis in most cases, Infiltrating the wound with adrenaline before skin incision does not significantly reduce the total blood loss as the loss is usually minimal during the first hour of operation.
I<.apid replacement of blood via a good running drip is therefore essential. Blood often needs to he pumped in during the last hour of operation and is warmed to 37° C via a heat-exchange coil prior to infusion. Blood replacement is on a 1111 for ml basis plus an extra 10 to ~5 per cent. The haemoglobin and pack cell volume (P.C.V.) are monitored and a minimum P.C.V. of ~8 per cent is maintained. Blood reaction due to frequent and repeated transfusion has not been encountered.
One case of blood reaction was found to be due to mismatching of suh-groups. TM1LE ('wil'rwfJiI Dil/i're11t Tvp!'s of COrYl'cti1' .Most hloodloss occurs in patient,.; undergoing mechanical instrumentation. This is because the duration of operatio 1 1 is long and often instrumentation was done together with a fusion oper8.tion. Posterior fusions have the next highest rate of bleeding per unit time of operation. This is because posterior fusion usually involves a large number of segments and there is no means of haemostasis applicable to bone, decorticated prior to grafting. A small child of 30 kg ma\'lose up to three litres of blood in one operation. Most blood loss occurs in the last hour of operation, so that speed of surgery is important.
I .il'l'ra;;!' H!ood Loss Itlld f)IIY1ltioll ()/Opl'mtiulI/rulI1 ·;0 Patil'lIts IVlw
Rapid closure of the wound, together with pressure dressing, giws satis- I(espiratory failure in the post-operative period is not uncommon. This is exemplified by findings shown in Table~. One can see that the Pa0 2 was 80 mm Hg and 83 mm Hg in tlle pre-operative and the immediate post-operative periods respectively.
Although the PaC0 2 was quite normal in the next few hours, the Pa0 2 continued to fall. It returned to pre-operative level at 19 hours after operation.
Oxygen therapy is given via Cl ventimask to all patients for the first 24 hours after operation. Blood gas analysis is used to determine whether further assistance in ventilation is required. · .
12·8 11·3 10·9
Upper airways obstruction in the immediate post-operative period has not been encountered in spite of the fact that the patients are in a rigid steel frame. Even wnere the trachea is kinked (Figure 3 ), there has been no difficulty. However, a light general anaesthesia with rapid regain of consciousness ard muscle tone is considered desirable in such situations. Post-operative bleeding from the operative site can sometimes be alarming. Fortunately, readjustment of pressure dressings is sufficient in most cases. Further blood transfusion is often required post-operatively as judged by the state of circulation, haematocrit and haemoglobin level. Central venous pressure monitoring is a most useful guide to fluid replacement.
Analgesics most often employed in the postoperative period are pethidine and proladone (Hydroxydihydrocodeinone). These are given in small frequent doses to provide adequate analgesia with minimal respiratory depression. Active and intensive physiotherapy before and after operation are essential in the prevention and management of pulmonary complications. CONCLUSION Massive blood loss and poor pulmonary function provide the main difficulties. Spinal deformity may lead to difficult intubation. Oxygen therapy is essential in the post-operative period and the importance of active physiotherapy is emphasized. Good planning and co-ordination among surgeons, anaesthetists and physiotherapists is essential to produce good results.
